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I. INTRODUCTION
The study of electrostatic electron cyclotron harmonic (ECH) waves, or (n + 1/2)f waves as they are often referred to, in the magnetosphere has recently focused on the source of free energy. Kennel reported the appearance of a loss-cone distribution when strong ECH and upper-hybrid emissions were observed. Kurth et al. 4 also observed a positivesloped perturbation in the perpendicular velocity distribution which appeared during a period when intense ECH waves were also observed. In that case the perturbation in the distribution function was not evident either before or after the waves were observed. Kurth et al. 3 also suggest that a small temperature anisotropy or a small bump in the tail of the perpendicular velocity distribution might be the source of free energy for these waves.
Koons and Fennell 5 have compared wave and particle data from the SCATHA satellite and have found no evidence of the positive slope in the distribution function similar to the one published by Kurth et al. 3 Although the SCATHA particle data show evidence for a loss cone in the plasma sheet, Koons and
Fennell also showed that an anti-loss cone or "butterfly" distribution is commonly observed when ECH waves are present. They also showed that strong ECH waves are observed with a variety of spectral forms at the time of a substorm particle injection.
Usually, however, there does not appear to be a one-to-one relationship between the wave spectrum and the electron distribution function. For example, it is not uncommon in the data from the SCATHA satellite to see 7 significant changes in the wave spectrum with no obvious corresponding change in the particle distribution function and vice versa.
In this report we describe an electron beam velocity distribution that we have been able to associate with intense ECH waves in the magnetosphere. We describe some unique time correlations between changes in the spectrum and intensity of ECH waves and changes in the electron distribution functions measured by the SCATHA satellite.
II. FIELD-ALIGNED ELECTRON BEAMS
Field-aligned electron beams have been a common observation by the particle detectors aboard the SCATHA 6 and ATS 67 satellites during geomagnetically disturbed periods. Richardson et al. 6 defined a field-aligned beam as a distribution having a peak in flux at a nonzero energy oriented at approximately 00 or 1800 to the magnetic field direction. Their source is unknown.
They occur most often in association with substorm injections and almost always are associated with field-aligned ion fluxes. 
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III. EXPERIMENT DESCRIPTION
In the following sections we present examples of simultaneous wave and particle data measured by the SCATHA satellite in May 1979. The complement of scientific instruments is described by Fennell. 9 The spacecraft orbit is equatorial with a 23 hour 35 min period, a 7.9-deg inclination, a 7.7 8 -Re apogee, and a 5. 32 -Re perigee. The spin period of the satellite is 60 s. The data presented in this report were obtained at relatively low magnetic latitudes, within two hours of local midnight and near SCATHA's apogee.
The VLF receiver detects the broadband spectrum from 100 Hz to 5 kHz. 10 The antenna is a 100-m tip-to-tip electric dipole provided by the Goddard Space Flight Center. The receiver covers a dynamic range of 80 dB with automatic gain control (AGC). The analog data are spectrum analyzed in the laboratory using a Sanders Spectrum Analyzer. The narrowband VLF data used in this report were obtained from three frequency channels at 1.3, 2.3, and 3.0 kHz (± 7.5% bandwidth). The particle distribution functions were obtained from the Aerospace electrostatic analyzers covering the energy range from 87 eV to 20 keV. 9 The values for the electron gyrofrequency were computed from the local magnetic field measured by the onboard flux-gate magnetometer provided by the Goddard Space Flight Center. 
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CJ 0 The electron temperature (i.e., the average energy) parallel andi perpendicular to the direction of the magnetic field has been calculated from the particle measurements and the anisotropy of the distribution function, (T .1-T 11)/T II determined by Kennel and Petschek. 13 The anisotropy is shown in . UNIVERSAL TIME, h,.min 
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just after 0003 UT. At low energies this distribution is an electron beam of the type described by Richardson et al. 6 The distribution functions for the time period from 0007:32 to 0011:21 on May 20, which includes the second time period on May 20 when the intense ECH waves were observed, were essentially identical to those in Fig. 4 . At the beginning the distribution at the lower energies (< 1 key) was generally isotropic while at higher energies it was a normal "loss cone" or "pancake" distribution. The waves at this early time are observed between 1.0 and 1.1 f 9 During the next three minutes a low-energy electron beam forms (see Fig.   6 ). This is accompanied by a decrease in the electron temperature (i.e., the spectrum softens) both parallel and perpendicular to the magnetic field.
Again the temperature anisotropy decreases because the perpendicular temperature decreased more than the parallel temperature. The formation of the electron beam corresponded to the intensification of the ECH waves and the increase in their frequency to approximately 1.5 f The fluxes shown in Fig.   6 show more than an order of magnitude increase parallel to the magnetic field for energies at and below 1 keV. There is little change in the fluxes above 2 keV.
The wave data (Fig. 2) show a clear correlation of the frequency shift of the waves from 1.1 to 1.5 f with the change in the electron distribution function from an essentially isotropic distribution to a field-aligned beam distribution (Fig. 4) . The correlation of the wave amplitude with the beam is less certain. Since the amplitude is only measured in the 15% pass band at 2.3 kHz, the signal at 1.5 f would be measured to be stronger than the comparable signal at 1.1 f because the former is better centered within the pass band of the amplitude measurement.
The low velocity region of selected electron distribution functions from Technically it is not a beam within the energy range of the instrument according to the standard definition because the flux decreases monotonically from 87 eV toward higher energy.
The second enhancement in the wave intensity on May 28 occurs at about 2258 UT. The distribution function for that time is shown in Fig. 7b . Again there was a noticeable elongation at lower velocities along the parallel velocity axis. This feature stands out quite well in the fluxes plotted in Fig. 8 . During the period from 2257 to 2300 U' the field-aligned electron distribution was observed to evolve such that there was a growth of the particle beam in the direction parallel to the magnetic field before the appearance of the beam in the direction antiparallel to the magnetic field.
This could be either a temporal or a spatial effect. With the present data set we cannot distinguish the two possibilities.
The field-aligned nature of the electrons is brought out more strongly by examining the Pitch-angle distributions of the individual electron energy channels. The circles in Figure 9 show the measured fluxes for the electrons as a function of pitch angle during a 200-s time period from 2256:140 to 2300:00 UT on May 28. This is a period of intense wave activity. The bottom panel in the figure shows the strong field-aligned structure in the low-energy electrons (187 eV channel). The upper panel shows the loss cone in the 
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SUMMARY
The most intense electron cyclotron harmonic waves detected by the VLF receiver aboard the SCATHA satellite were accompanied by an elongation of the electron distribution function along the parallel velocity axis. This elongation formed a beam on May 20 and a field-aligned structure on May 28.
This change in the distribution function was limited to energies below 2 keV and was most apparent at energies below 1 keV. This is the best correlation between waves and particles that has been found to date in the analysis of the data from the SCATHA satellite.
The energy of the electrons in the beam that we have associated with the ECH waves is consistent with the energy of the electrons in the beams described by McIlwain, 7 who states that field-aligned electron distributions were very rare for energies greater than 2 keV.
Since there is little change in the electron distribution function above 2 keV, there is no direct evidence that the electrons above 2 keV interact with these waves even though they are the most intense waves measured during the eight-month period covered by the analysis. However, to obtain positive growth a region of positive slope is required somewhere in tht distribution function. I In the observed distributions this only appears in the loss cone at energies above 2 keV. This suggests that the waves are actually generated by the electrons above 2 keV and that the role of the low-energy electron beam is to change the dispersion characteristics of the waves, resulting in the observed changes in frequency and amplitude. We note in Fig. 9 -.4
